In the arsenic-contaminated Ganges-Brahmaputra-Meghna Delta in India and Bangladesh, smallscale piped water supply seems a promising way to provide safe drinking water to households in the region. The use of smartphone applications can support monitoring of the system and enhance local engagement and empowerment. In this paper the scope for mobile crowd participation as a research and monitoring tool for piped water supply systems in Bihar, India and in Khulna and Chittagong, Bangladesh is investigated. In these areas, the use of smartphones and internet access are growing rapidly and smartphone applications would enable real-time water quality monitoring, payment of water bills, awareness creation, and a dialogue between the end-user and the water supplier.
INTRODUCTION
Water safety in the Ganges-Brahmaputra-Meghna delta
In the Ganges-Brahmaputra-Meghna Delta (GBM Delta) in India and Bangladesh many people lack access to safe drinking water. Since the 1970s the focus in Bangladesh has been on installing tube-wells to protect the Bangladesh population against pathogens in their drinking water (Argos et al. ) . A similar scenario applies to regions of India where the country started to use groundwater in the 1960s (Srikanth ; Daigle ) . Only in the 1990s was it realized that the groundwater was severely arsenic- Also in Bihar, well testing campaigns have been organized, but due to lack of guidelines for well testing, uncontrolled and unregulated installation of hand pumps, untested areas, lack of a common repository for arsenic testing data, lack of a decision support system for arsenic mitigation, and a lack of coordination among research groups, arsenic mitigation still remains a challenge (Singh  targets the safest source in the area, provides a degree of centralization (<100 households) for water quality control and treatment while keeping the system manageable within communities. It provides in-house or courtyard tap connections, which are socio-economically desirable, and it limits the number of (re-)contamination events between water collection and consumption.
However, there are several challenges to overcome for PWS systems. First of all PWS systems need acceptance by their end-users. Johnston et al. () found PWS systems to be supported by Bangladeshi households and noted that these systems should be prioritized. However, they also noted that until now the experience with these systems is limited, that costs of the system might be an issue, and that it will take time before these systems will be fully realized in the country. This is also acknowledged by Maertens et al. () , who indicate PWS to be the most effective policy answer, but not for the foreseeable future. Mink ) and are therefore more likely to be sustained (Marshall & Kaminsky ) . Moreover, it enhances successful implementation and community ownership (Narayan ; Kayaga ). User participation actively engages the end-user in the process, so they can design and implement new ways of being and doing themselves (Manzini ) . The development of SPWS systems is a technological design and requires contextual learning and involvement of local stakeholders on an equal footing in order to produce systems that people can, will, and want to use, and that will continue to be used. Marshall & Kaminsky () point out that the motivations of outside stakeholders (good health and well-being) might potentially misalign with the motivations of local stakeholders (e.g., status, convenience, social norms). To improve the chances of long-term success of SPWS implementation, local stakeholders should be actively involved in the process: first by consulting them and raising awareness, then by co-creation and capacity building, and finally by engaging and enabling them to monitor their own systems.
A novel approach to research and monitor SPWS systems is mobile crowd participation (MCP), which enables the local stakeholders to participate, learn and provide feedback via smartphone applications. MCP can be deployed in different ways:
1. In combination with strip tests it can be used for low-cost screening for the presence of arsenic, while making the data available to different interested stakeholders, including the end-users.
2. Improving knowledge and awareness about safe water supply and water quality (also by enabling users to test the water quality themselves).
3. When SPWS is installed, MCP enables communication between relevant stakeholders for improving service and maintenance (e.g., sharing down-time, leakage reporting, water quality information), makes payment easier, and allows for low-cost monitoring of water quality, water consumption and payments.
While external support for water service provision will remain a requirement (RWSN ; Kayaga ), MCP has the ability to engage and empower communities and supporting organizations and companies to increase the trust and uptake of piped systems and to assist in continuous capacity development. The requirements for MCP to work are smartphone ownership and internet access, and the availability of an application that is useful, usable and desirable for its users. According to GSMA (), access to mobile services in developing regions has outpaced the rate at which much of the population is gaining access to basic services such as electricity, sanitation and banking.
In 2015, smartphone ownership in India was 24% and mobile internet penetration 49% (GSMA ). In 2016, smartphone ownership in Bangladesh was 28% and mobile internet penetration 53% (GSMA ). Based on these numbers, there seems to be scope for a smartphone application to monitor SPWS systems. It is the objective of this study to identify the relevance and scope of using MCP as a research and monitoring tool specifically for SPWS systems in arsenic-affected areas in the GBM Delta.
Therefore, four surveys have been executed in Bihar, India and in Khulna and Chittagong, Bangladesh, of which the outcomes are presented in this paper.
METHODS
Four surveys were executed among end-users to assess the demand, acceptability and affordability of small-scale piped water systems and to assess the feasibility and scope of using smartphones as a research and monitoring tool.
Besides questions regarding SPWS systems and MCP, the surveys included sub-themes about socio-economic and demographic characteristics of the participants, water use practices and water quality knowledge. The surveys were developed, pre-tested in the field and revised to collect the final data. The participants were informed about the purpose of the research, data handling and security, and were asked for informed consent to use the data for research and publication prior to each survey. Representatives from households in each area were questioned by selecting the third/fourth household in the row, depending on the availability of participants. In this way, all parts of each investigated area were covered to ensure a random and representative selection of participants. were female and 259 male, and lasted an average of 10 min.
Study 4 -Bhojpur district, India
In the same villages at the same time as study 3, the research team conducted an interview survey with representatives from 60 households by selecting households owning at least one smartphone, in order to gather in-depth information about the potential for SPWS and scope for MCP.
The interviews lasted an average of 40 min.
RESULTS AND DISCUSSION
Below the results are presented and discussed in three parts:
first the participants' socio-economic characteristics (for all studies), then the potential for SPWS (for all studies) and finally the scope for MCP (for studies 2, 3 and 4).
Socio-economic characteristics
The investigated areas in Bangladesh are urban and periurban, leaving most of the participants to work as a day labourer, small business owner or driver. The investigated areas in India are rural and most participants here are engaged in farming and small businesses or services. The average household size in India (12 people) is bigger than in Bangladesh (five people), and there is also a larger presence of children under five in Bihar (in 58% of the households compared to 43% of the Bangladeshi households). As can be seen in Figure 1 , both the educational and income levels in the investigated areas in Bangladesh are lower than in India. This is also reflected in the national averages of both countries (India's human development index is 0.624, with a mean of 6.3 years of schooling and a gross national income per capita of $5.663 purchasing power parity, Bangladesh's human development index is 0.579 with a mean of 5.2 years of schooling and a gross national income per capita of $3.341 purchasing power parity (UNDP )). Within each countries' settlements, the educational and income levels differ as well: the participants from Khulna district have lower levels than those in Chittagong, and in Saraiya, Sinha and Gundi these levels are lower than in Lauhar, Keshopur and Nathmalpur. In study 4 the average educational and income levels are higher than in study 3, which can be explained by the fact that the participants in study 4 were selected for owning a smartphone, which is more likely to be owned by households with a higher socio-economic status.
Scope for piped water supply
In Table 1 the results of the current drinking water situation of all four studies are presented. Most participants use tubewells for their drinking water. In studies 2, 3 and 4 mainly privately owned STWs were situated around the house, in study 1 mainly publicly owned DTWs. In study 1, 80% of the households share a water point with more than 50 households. This results in risks regarding relationships, privacy, security, operation and maintenance, as conflicts mainly occur during peak hours. Some participants rely on publicly installed DTWs which are located only at certain points in the area. In this case, the water collectors, mainly women, have to walk long distances to fetch water.
In India (studies 3 and 4) the trust in participants' current drinking water was also investigated. Of the 335 participants in those two surveys, 61% trust their drinking water. Of these, 81% indicate that they trust their water because of its good colour, taste and/or smell, 2% because they do not suffer from water-based illnesses, and the remaining 17% indicate the water 'seems good' or that they trust the water for no specific reason. The remaining 39% of the participants indicate that they maybe trust their water (1%) or distrust their water (38%). Of the participants who distrust their water, 45% indicate they do so because the water has a bad colour, taste and/or smell, 17% because the water changes colour during storage and 9% because they suffer from water-related diseases. The remaining 29% of the distrusting participants indicate that their water 'seems contaminated' or they could not indicate a specific reason for their distrust. In the studied areas, the participants have little to no experience with PWS systems, except in Sathkira where 24% of the participants rely on PWS. The desire for PWS is nonetheless high, although in study 3 it is somewhat less than in the other three studies (79% compared to 98-100%). However, while in study 1, 97% of the participants indicated they wanted a PWS, 65% of them also indicated a preference for drinking hand-pumped water from a DTW.
The second most preferred option is pond water supply (21%), then PWS (11%), and 3% indicated a preference for hand-pumped water from a STW. Most participants preferring DTW water indicated that hand-pumped water from this source provides an adequate volume of bacteria-free drinking water for their family throughout the day. Thereby, some indicated a distrust against PWS as a drinking water source, because of possible contamination in the water tank and pipelines. Multiple participants also indicated that groundwater tasted cooler and sweeter, and therefore they preferred to drink directly from the ground instead of from a PWS. Participants with wells containing a lot of iron mainly indicated preferring a different option than their current drinking water source, as they dislike the iron taste and colour it gives to their food and clothing. The desire for PWS is, nonetheless, high as the participants want to use piped water for cleaning, washing and cooking purposes. In all studied areas, safe water and convenience are mentioned as reasons behind the desire for PWS. In India (studies 3 and 4), the participants were specifically questioned about the reasons behind their desire for piped water supply (see Figure 2 ). Of the 335 participants in these studies, almost 40% indicated not trusting their current drinking water supply system, and 71% indicated they desired PWS to be able to provide their family with safe drinking water.
In most study areas, a large majority of the participants indicated prefering deep groundwater as a water source for piped water systems. However, in study 4, a significant preference for surface water (35%) was also identified. Those participants indicated that water from River Ganga is sacred (201) KHU (200) BAG (200) DEB (51) KOL (50) All (275) All ( and therefore considered good for health. The participants of study 4 also indicated a higher preference for using rain water (10%) than in the other studies (1% to 2%). Willingness to pay for installation, operation and maintenance of piped water supply was found to be high in studies 1 (97%), 2 (94%) and 4 (93%). In study 3, however, 50% of the participants were not willing to pay. Of these participants, 33% indicated they had no money, 14% indicated that PWS is nice but not required, and 2% indicated that the government should pay.
As the participants in study 4 are of higher socio-economic status, study 3 is used to represent the willingness to pay in this area in India. The Bangladeshi participants were willing to pay an average of 52 BDT (0.50 euro) per month for operation and maintenance. In study 4, the participants shared a willingness to pay 220 INR (2.90 euro) per month. In all studies, the costs for installation, operation and maintenance were mentioned as issues of PWS systems. Thereby, in studies 1, 2 and 3 irregular water supply was noted as an issue. In study 1, where participants do have experience with PWS systems, complexities in operation and maintenance of PWS systems were also mentioned as challenges.
From these studies it seems that Bangladeshi households are more experienced with DTWs and PWS systems and more willing to pay for PWS, although a lower amount than in India. Based on the collected data, no relation could be detected between income level, educational level or profession and the desire for PWS. While there is a large desire for PWS systems for the convenience and supply of safe water, trust in the system, costs, irregular supply and challenges in operation and maintenance are factors that seem to hinder people's desire for PWS.
Smartphone ownership and usage
Data about smartphone ownership and usage were collected in studies 2, 3 and 4. In Table 2 the results regarding smartphone and mobile phone ownership and smartphone usage are presented. Smartphone ownership in study 3 (India) is significantly higher than in study 2 (Bangladesh). However, that may be partly due to the difference in the time of investigation (2014 versus 2017) and the difference in area (urban versus rural). Other reasons might be inexpensive and overall presence of internet access in India, and the higher socioeconomic status of the Indian participants.
The smartphones owned by the participants are used for calling, messaging, taking pictures, playing games and internet usage. The participants in study 4 all have internet access and use internet on their smartphones for social networking (100%), internet searching/downloading (98%), entertainment, such as watching television/video and listening to music (42%), online payment (25%) and education/ study (9%). In both Bangladesh and India, phone usage is male dominated with 53-78% of household phones only being used by males versus 4-7% only being used by females.
Nevertheless, in 19-42% of the households the mobile phone is shared, leading to a considerable proportion of the female household members using smartphones, especially in the surveyed area in Bangladesh. In India, a large amount of Currently, the households in study 4 pay, on average, 503
Indian rupees (6.58 euro) per month on phone usage. Of the households in study 2, 78% pay less than 500 taka (5 euro) per month, 13% pay between 500 and 800 taka (5-8 euro) per month and 9% pay more than that.
When comparing smartphone ownership with socioeconomic status for study 3, it can be concluded that there is a direct link between the average income of families owning smartphones and the number of smartphones (see also the boxplot in Figure 3 ). However, lower-income families do own smartphones, which can also clearly be seen in Figure 3 , and for the ones who do not, the desire to own a smartphone is high, especially in households where family members do not live together or are separated throughout the day (for work or study). There is also a link with educational level (the higher the educational level, the more smartphones owned (see Figure 3) ) and there seems to be a link with the profession of the household head (labourers own less smartphones, government employees own more), although this link is not that clear (see Figure 3) .
From these studies, it seems that in Bihar smartphone ownership and internet usage is higher than in Bangladesh and more money is spent on phone usage. This could be because the income level and educational level of the participants in Bihar are higher than in Bangladesh and, as stated above, there seems to be a link between phone ownership and income and educational levels. However, other factors also play a role, such as differences in internet coverage and the price and availability of smartphones in the area.
From study 2 it has become clear that in Bangladesh there is a desire to own a smartphone with internet access.
Thereby, due to local phone manufacturers and inexpensive internet, smartphone and internet use are expected to rise rapidly in both India and Bangladesh. This enhances the scope for MCP for the purpose of water supply management.
Scope for MCP for sustainable piped water supply
The interest in PWS systems and the current and rising availability of smartphones and internet coverage indicate the as reported by GSMA. Smartphones are already used for online payment and when asking smartphone-owning participants about their willingness to pay their water bill by smartphone, in study 2, 85% of participants are willing to do so, and 95% of the Indian participants in study 4 like to do so. The participants find it a convenient way to pay their water bills, but are not always sure if they are able to pay through their smartphone. In addition, when asking the smartphone-owning participants in study 4 if they are interested in checking their own water quality by using a strip test in combination with their smartphone, 95% of the participants wanted to do so. When asking them about their desire to be in touch with their water supplier through their smartphone, 97% indicated wanting this. In the area of study 4, the awareness of water quality is high and that awareness combined with our presence will have influenced this interest in water quality testing, payment and smartphone interaction, but willingness is not the same as actually using smartphones in that way. However, the participants provided several arguments for their desire, which are convenience, learning and ability to take control of their own health. The rapid growth of smartphone and internet use for different purposes and the willingness of end-users to use MCP indicate good scope for using smartphones in water supply projects for various purposes. The points of attention for PWS systems (irregular supply, water safety, distrust, taste preferences, operation and maintenance issues, costs) can be used as input for developing app functionalities and water supply systems that address these issues.
CONCLUSIONS
Based on the presented findings it can be concluded that there is an enabling environment to promote SPWS systems, as 98% of the Bangladeshi participants and 82% of the Indian participants indicate wanting this system. In addition, it may also be concluded that the majority of the participants in Bangladesh and India are willing to use smartphone applications for water supply research and monitoring. In India, most participating smartphone owners would like to use a smartphone application for water quality testing, service, communication with the water supplier and/or water payment. The existing smartphone ownership and the rapid increase of smartphone ownership and usage in both areas, the desire to own a smartphone with internet connection in Bangladesh, and the availability of cheap unlimited internet access in India indicate the scope for deploying MCP in these areas.
However, before developing new water apps, more research needs to be done in respect to participants' trust in and potential usage of SPWS systems and in the water supplier/service provider, and the context-specific conditions that influence the success of SPWS implementation, operation and maintenance. We believe that MCP has the potential to increase the trust in PWS and support its uptake, but only when properly implemented and equally accessible for everyone. The amount of access different household members have to smartphones, the possible phone and internet constraints (e.g., battery, camera quality, bandwidth) and the application's functionalities, usefulness, usability and desirability for both the end-users and service providers are points of attention: easy to understand, attractive and intuitive to use for literate as well as illiterate users, and comprising functionalities desired by both the service provider as well as the end-users. For water quality testing purposes the reliability and accuracy of the test are also important aspects that need further investigation. Another point of attention is the possible exclusion of certain groups due to using a smartphone as a platform. We expect a significant rise in smartphone ownership and usage in Bihar and Bangladesh in the coming years, leading to more inclusion in respect to people's income and educational level. However, the access to smartphones for women, who are the main water collectors and users, needs a critical look. Therefore, the exact manner of using MCP as a research and monitoring tool, the functionalities to be included, and the appearance and functioning of the app, as well as data processing, data security, and the required training and education for MCP users are the next steps to explore. For now, the relevance of using MCP seems promising, not only for the GBM Delta, but possibly also for SPWS applications in other low-resource regions.
